Introduction: Large scale epidemiological data of pleural fluid characteristics are lacking. We are an established pleural center with high rates of pleural malignancy in the North East of England. We aim to follow the British Thoracic Guidelines and sought to add to the body of evidence.
• 26/44 (59%) had positive first cytology • 15 had more than one sample taken, and in 6 patients, this provided the diagnosis (14%)
• 36/44 (82%) were exudates • 4/44 (9%) were transudates • 3/44 had a pH < 7.21
• Heart Failure (n = 36)
• 9/36 were exudates
• Empyema (n = 16)
• Only 2/16 (13%) had positive microbiology • 12/16 (75%) had a pH < 7.21 (2 did not have a pH sent)
6/16 were exudates
• Mesothelioma (n = 24)
• 12/24 (50%) had positive first cytology • 19 went on to have further sampling (done at thoracoscopy). Only 2 further sample provided diagnosis • 2/24 had a protein < 25 • 14/24 went on to have a biopsy • 13/14 had a thoracoscopy and 1/14 had a CT guided biopsy
• All Malignancies (Lung Primary/Lung Secondary/Meso) (n = 96)
• 80/95 (84%) were exudates • 8/95 (8%) had a protein < 25 AND a LDH < 200
• Audit:
• 217/264 didn't meet the BTS guidance stating that every pleural tap should be sent for, microbiology, cytology, protein, LDH
• pH < 7.21 (n = 19)
• 12 • Only positive in 5/241 samples sent in universal bottles • 3 were empyemas • 1 was a biliary fistula • 1 was an infected indwelling pleural catheter Discussion: Our findings are consistent with current literature.
We found 60% positivity for cytology in lung cancer, dropping to 50% in mesothelioma, with further sampling helping in the former only. Tissue biopsy should be de rigeur if mesothelioma is suspected, rather than repeat cytology. 8% of all malignant effusions are transudates, and clinical as well as radiological correlation is vital in those cases.
into guidelines [6] [7] [8] [9] that have been produced, but large scale epidemiological studies, national or local databases about pleural fluid characteristics are missing.
A brief selective summary of the accepted evidence is as follows [6] [7] [8] [9] 
Introduction
Anecdotally, the incidence of patients with pleural effusions is increasing, most of the data coming from cancer databases [1] .
Pleural units are being set up in almost every UK hospital, based on the financial incentives from the best practice tariff for seeing pleural patients in an outpatient setting and the need to minimise the time these patients spend in hospital [2] . This stems from the fact that if a malignant pleural effusion is diagnosed, median survival is approximately 4 months [3] .
We are an established pleural centre that performs medical thoracoscopies and inserts indwelling pleural catheters. We have a very high diagnostic sensitivity for the former, and below national average complication rates for both [4] . As such, we also have a large cohort of patients with pleural effusions. The North East of England has one of the highest rates of mesothelioma in the country and we serve a population of over half a million individuals [4] .
We sought to add to the body of evidence about pleural fluid characteristics by analysing that cohort.
Light's criteria revolutionised how to define and diagnose pleural effusions [5] . Pleural fluid is exudate if one of the following is present:
• Effusion protein/serum protein ratio greater than 0.5
• Effusion lactate dehydrogenase (LDH)/serum LDH ratio greater than 0.6
• Effusion LDH level greater than two-thirds the upper limit of the laboratory's reference range of serum LDH Since then, there have been many studies assimilated We fail in adherence to BTS guidelines-local guidelines have just been updated and all respiratory doctors have been reminded of them. We will also aim to increase microbiological yield by sending fluid in blood culture bottles.
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• 19 went on to have further fluid sampling done at thoracoscopy. Only 2 of those further samples provided a diagnosis. Thoracoscopic biopsies were all diagnostic
•
2/24 had a protein < 25
For all malignancies, n = 96, 80/95 (84%) were exudates, 8/95 (8%) had a protein < 25 and a LDH < 200, and the rest (6) did not have enough data to be classified exactly.
When the pH < 7.21 (n = 19), 12 were empyemas and the rest were 3 adenocarcinomas of the lung, 2 mesotheliomas, 1 metastatic ovarian carcinoma and 1 hemothorax.
With regards to microbiological data, we only had 5 positive results in 241 samples sent. All our samples were sent in universal bottles. 3 were from primary empyemas, 1 from a pleuro-biliary fistula, 1 from an infected indwelling pleural catheter.
With regards to auditing against the BTS guidelines, 217 out of 264 didn't meet the BTS guidance stating that every pleural tap should be sent for microbiology, cytology, protein, and LDH.
Case Vignette
A 62-year-old breathless male is admitted to the cardiology ward with bilateral pleural effusions, pedal edema and a raised jugular venous pressure. He has a history of hypertension, previous heavy smoking and previous deep vein thrombosis. He is diuretic naïve. An echocardiogram shows a left ventricular function at 40% of predicted and his Brain Natriuetic Peptide level is raised at more than 50 times of the upper normal limit. Intravenous diuretics, fluid restriction and blood pressure control help in alleviating some breathlessness but his effusions, though smaller, persist. A respiratory opinion is thus sought, 72 hours post admission.
Some asbestos exposure (previous shipyard worker) is noted about 40 years ago. Bedside thoracic ultrasound reveals a left sided effusion, bigger than the right. A pleural tap shows a pH of 7.32, LDH 300 units/L, protein
Methods
All pleural aspirations done between January 1 st 2014 and December 31 st 2015 were analyzed for fluid biochemistry, microbiology cytology and final diagnoses (n = 264). Light's criteria were applied wherever possible. The patient's diagnosis was taken from clinic letters electronically uploaded to another system called SingleView. Local governance approval was sought and obtained.
Results
264 pleural aspirates were analyzed. The average patient age was 74 years. 61% of the patients were male.
The final diagnoses were as in figure 1.
No diagnosis was given in 18 out of 264 cases as the effusions either resolved spontaneously or patients died before further investigations)
In the patients who had lung cancer (n = 44), figure 2,
• 36/44 (82%) were exudates
• 4/44 (9%) were transudates
• 3/44 had a pH < 7.21
In the heart failure patients, (n = 36), 9 (25%) were exudates. No other pathology was responsible for the exudative nature. any cause. This is because of how empyemas or infected parapneumonic effusions occur [16] . The pleural cavity is a closed space and relatively anaerobic. It is widely believed that infections in the pleural space, in the absence of direct instrumentation, occurs from the lung parenchyma (for example a pneumonia) with translocation of pathogens into the cavity. The pathogens then cause an intense cellular reaction with fibrin and collagen deposition and then die off but the inflammation persists and can become systemic. There is some evidence to suggest that yield will increase with direct inoculation into blood culture bottles and we have changed our local guidelines but we only send for microscopy now if we think the fluid might be infected. That requires close correlation with the patient's clinical presentation.
We fail in adherence to British Thoracic Society pleural guidelines [8] local guidelines have just been updated and all respiratory doctors have been reminded of them. We felt that there was no need to disseminate to all the doctors in the trust as since the advent of thoracic ultrasonography, only respiratory registrars or consultants perform pleural procedures. However, is there a need to always adhere to the guidelines? As consultants seeing mostly pleural malignancies, we do not always send a glucose off or a pH sample, as malignancy can cause acidaemia as well as low glucose levels. There is some evidence to suggest that pH values have prognostic value [7] , but this is not used extensively.
Our study has some limitations. This is a single center retrospective review of pleural fluid samples and we could have increased the number of patients by going back further in time, but the results above are in par with the available literature. We did not have corresponding serum LDH or protein measurements for every sample but we analysed each sample individually and with the above measurements taken a day before or after we felt we could confidently apply Light's criteria.
The patient above has heart failure and a transudative effusion the high BNP, low ejection fraction and bilateral effusions pointing to this. However, the effusions are not resolving fast and the mild pleural enhancement might be significant. We suggested another week of diuresis, and his weight dramatically decreased but the left sided effusion persisted. He thus underwent medical thoracoscopy 2 weeks after his first presentation. A grossly abnormal parietal pleural surface was biopsied. He was diagnosed with epithelioid mesothelioma, T1N0M0, and was referred for chemotherapy, which he declined. He was referred to palliative care services and is under regular follow up.
Conclusions
We hope that the above will help clinicians in how to investigate pleural effusions. The main learning points are 
Discussion
The above is a simple retrospective analysis of pleural fluid samples. How can it be used in clinical practice?
Light's criteria have stood the test of time for classifying exudates and transudates, with an overall diagnostic accuracy of 95%. However, care needs to be taken when the protein count approaches 0.5, as some of the sensitivity is lost [10] . Hence, it is suggested to always have a high index of suspicion for alternative pathology. Transudates are not often benign as we found, at a percentage akin to the literature [11] . In our cohort, 8% of all malignant effusions are transudates, and clinical as well as radiological correlation is vital in those cases.
One of the problems we faced was that there was no corresponding serum LDH or protein measurement, but we managed to categorize all the effusions after detailed analysis and looking at serum values a few days before or after the sample was taken. Interestingly, it seems that not having a blood sample does not significantly affect the final clinical interpretation [12] .
Cytological yield for malignancy is 40% on average but depends on the tumour type-it can be as high as 83% for ovariancancer, 57% for lung cancer but lowest for mesothelioma and lymphoma [13] . In a region with known high cases of mesothelioma and lung cancer, is it worth doing a pleural aspirate for diagnosis? We found 60% positivity for cytology in lung cancer, dropping to 50% in mesothelioma, with further sampling helping in the former only. Tissue biopsy should be de rigeur if mesothelioma is suspected, rather than repeat cytology. With the advent of immunogenetics and profiling a patient's treatment exactly, there is an ever-increasing need for tissue to be obtained, either from a bronchoscopy, thoracoscopy or image guided biopsy. This is our experience locally and needs to be backed up from national or international surveys. Cytological examination of fluid with immunohistochemistry also costs between 130 to 200 pounds [14] . So, in our opinion, if we suspect that someone has a thoracic malignancy with an effusion and does not need fluid taken off for symptoms, it is better to save the trust money, the patient the pain and risk of complications from a tap or aspirate, and to offer the patient the opportunity to undergo a single procedure (thoracoscopy, if patient is fit to undergo it) for diagnostic and therapeutic purposes.
Our microbiological yield was dire, but reflects other studies.Barnes, et al. [15] found only 15 true-positive cultures (3.2%) among 476 patients with pleural effusions of
